An enzyme-linked immunosorbent assay (ELISA) Formalin. After 18 h at 22°C, the cells were washed three times in PBS, and the packed cells were adjusted to a density of 40 IU. The antigens consisted of equal volumes of whole cells and soluble antigens. The immunization of rabbits started with intradermal injections of 1 ml of antigen into 20 sites along the back of each rabbit. After 30 days, 1 ml of antigen was injected intramuscularly. Monthly intravenous injections (1 ml) were begun 7 days later and continued for 8 months. Hyperimmune sera were fractionated by protein A-sepharose CL-4B chromatography (Pharmacia, Uppsala, Sweden) to obtain purified immunoglobulin G (IgG). Protein contents were determined by the biuret method.
The detection of soluble antigens in urine specimens by immunoassay has proven valuable for the early diagnosis of Legionnaires disease (1, 2, 4, 8, 9, (11) (12) (13) (14) . Kohler et al. established the time of onset and duration of urinary antigen excretion and noted cross-reactivity with other Legionella or bacterial species (5) (6) (7) . Soluble antigens have also been detected in serum by enzyme-linked immunosorbent assay (ELISA) with mono-and polyclonal antibodies (2) . Except for one assay for Legionella pneumophila serogroup 4 , the immunoassays dealt mainly with L. pneumophila serogroup 1 and were hlghly serogroup specific (6) . The lack of a similar test for other Legionella species limits the value of the assays as routine tests In preliminary work to standardize the ELISA, combinations of incubation times for antigens (1, 2, and 5 h at 37°C) and conjugates (1, 2, and 4 h at 37°C and 18 h at 4°C) were tested with conjugate concentrations of 2 to 8 ,ug/ml. The duration of incubation and conjugate concentrations had no effect on the sensitivity of the ELISA, and therefore the described parameters were chosen as optimal conditions. We also tried the Knoxville-1 strain of L. pneumophila as an antigen for immunization. The results were not significantly different from those with Bellingham-1. An avidin-biotin alkaline phosphatase system was tested, but it had an eightfold lower sensitivity and problems with high background values.
Urine specimens. The urine specimens tested were submitted to our 10 patients with multiple specimens, the soluble antigens were not detectable 7 to 19 days after diagnosis. Of the 10 ELISA-negative cases, 9 were diagnosed by IFA only, and in these instances no information regarding dates of collection, onset of disease, and antibacterial treatment was available.
To assess the specificity of our procedures, we tested 274 urine specimens from 191 patients with non-Legionella pneumonia and 60 urines from 60 non-pneumonia patients with urinary tract disorders. All these specimens were negative.
When the three urine specimens spiked with Legionella soluble antigens were tested, the sensitivity of the ELISA was not at all affected by the heavy bacterial contamination, even after incubation at 37°C for 4 days.
DISCUSSION
Using a broad-spectrum antibody, the ELISA described here detected urinary antigens of L. pneumophila serogroups 1, 3, 4, 6, and 8; L. micdadei; and L. longbeachae serogroup 1 infections in 25 of 35 patients. We believe that the sensitivity of the test may actually be higher, because 9 of 10 ELISA-negative cases were diagnosed by IFA only, and data concerning the onset of disease and antibacterial treatment were not available. Some of these urine specimens may have been collected after extensive antimicrobial therapy, which may have resulted in soluble antigens falling below the level of detection. Sensitivity may also have been influenced by strain differences of the immunogens, as suggested by Bibb et al. (2) . Urines from nonLegionella pneumonia patients and patients with urinary tract disorders were all ELISA negative, indicating that specificity approached 100%. For 10 patients from whom sequential urines were available, the ELISA became nega-VOL. 24, 1986 on September 29, 2017 by guest http://jcm.asm.org/ Downloaded from tive 7 to 19 days after the laboratory diagnosis. The number of cases studied was too small to assess excretion dynamics; however, our results are in general agreement with those of more detailed and elaborate studies by Kohler et al. (12) .
Soluble antigens from culture extracts were detectable for 11 species and 20 serogroups of Legionella, with about 10-fold higher sensitivity for L. pneumophila serogroups 1 to 8. Cross-reactivity among urinary antigens was also observed in other studies (5, 6), although not so extensively as in our study.
Kohler suggested that the antigens have both shared and distinct epitopes or, alternatively, several types of excreted molecules, some identical among serogroups and others which differ (4). In our preliminary study to assess the most suitable types of IgG for the ELISA, we tried several combinations of immunization routes, in particular an intramuscular and an intravenous scheme as described above. The intramuscular scheme produced IgGs that were serogroup specific with minor cross-reactions similar to those described by Bibb et al. (2) . The intravenous scheme produced IgGs that had extensive intragenus crossreactivity. Therefore, in addition to the antigenic factors suggested by Kohler, the route of immunization may be an important function of broadening the cross-reactivity. Whether our ELISA can detect Legionella soluble antigens other than those mentioned has not been determined.
Bacterial contamination and incubation of urine specimens did not affect the titration of soluble antigen; therefore, special collection procedures, transport requirements, and delays in transit may not be critical in the submission of specimens.
Because half of all cases of Legionnaires disease in Canada are caused by Legionella species other than L. pneumophila serogroup 1, this ELISA is more advantageous than serogroup-specific immunoassays. The drawback of our ELISA lies in the inability to identify which Legionella infection occurs. The test would also be ineffective in cases in which urinary antigens are present at very low levels or when the antigenic makeup cannot be detected by the presently used anti-Legionella IgG.
The ELISA described here could be a very useful screening test for the early diagnosis of Legionnaires disease. An early diagnosis is of paramount importance in the medical management of patients with Legionnaires disease to significantly decrease the length, severity, and fatality rate of this infection.
